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CHAPTER I
INTRODUCTION
The phenomenon known as the Faraday Effect was discovered by
l
Michael Faraday in the year 1845. He discovered that when an
isotropic substance of high refractive index is placed in a strong
magnetic field which is parallel to a beam of plane polarized light,
the plane of polarization is rotated. The rotation is proportional
to H, the strength of the magnetic field; and to 1, the length of
the light path in the sample.

If X represents the rotation in

minutes then
X = VHl.
the proportionality constant V is known as Verdet's constant. The
units of V depend upon the units chosen for H and 1, which usually
are gauss and centimeter respectively.
One experiment dealing with the Faraday Effect is to measure
the magnetic rotation of the plane polarized light as a function of
the shorter wavelengths for various substances. This may be
accomplished with the optical arrangement shown in Figure 1.
Plane polarized light passing through the sample Sin the magnetic
field is dispersed by the prism spectrograph and recorded on
photographic plate PP'.

A densitometer is used to measure the

relative intensities of the various spectra, and thereby determine
the magnetic rotation obtained.

This thesis is concerned with the
1
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development of an adequate light source for use in the Faraday
Effect experiment described above.
Most optical experiments suffer a co11m1on problem, the diffi•
culty of achieving adequate source intensity. This problem
becomes especially important when a long or complicated optical
path is involved, as in the Faraday Effect experiment. A further
difficulty is concerned with the absorption of light by the sample
itself in the ultraviolet region. This absorption occurs because
the frequencies in the ultraviolet correspond to the molecular
bonding frequencies of many substances.
Detection of the Faraday Effect depends upon the measurement
of light intensity changes resulting from magnetic rotation.

In

order to measure these changes, it is evident that one either must
have a very stable source or some method of compensating for
source variations. One such method consists of splitting the
light into two beams. One beam is made to pass through the
polarimeter, sample, and spectrograph. The second beam is diverted
around the sample and analyzer by means of mirrors. This second
beam is then permitted to enter the spectrograph and be recorded
adjacent to the undiverted light beam spectrum.

Changes in the

light intensity of the source will thus affect both beams.

A

comparison of the beams will then permit a compensation for source
variations.
There are two main branches of spectroscopy.

These are

emission spectroscopy and absorption spectroscopy. An emission

4
spectrum is a line spectrum in which the wave lengths of the
various lines are characteristic of the sample being excited. The
coamon sources of excitation are the d.c. arc, a.c. arc, and the
spark. The d.c. arc is operated at low voltage and the precision
of the d.c. arc is poor because as the gap becomes bot the
resistance of the gap decreases and thus the cUt"rent increases. A
ballast resistor is usually put in series with the gap which
improves the stability considerably. Two other disadvantages in
using a d.c. arc are high electrode temperature and poor sampling.
Good sampling means that the arc wanders uniformly over the
surface of the electrodes •. The arc may be at the rear on one
exposure for the d.c. arc and on the next exposure it may be at
the front. Thus the two spectra will have different intensities.
The a.c. arc is self igniting because it operates at a
higher voltage. The a.c� arc, therefore, has better sampling than
the d.c. arc since it reignites once every l/120th of a second,
but it still has the heat problem. Again the intensity varies
directly with the average current density.
The spark source has a circuit similar to the a.c, arc. The
voltage is high and the source will ignite and quench itself many
times per half cycle. The spark has very good sampling, thus the
reproducibility is good. The spark source is a stable, high
intensity source and will be discussed in detail later.
There are several sources which provide a continuous spectrum
for absorption spectroscopy.

A simple tung.sten light bulb will

5

provide adequate light if the interest is only in the visible
region. A uranium spark source p�ovides a line spectrum which has
so many lines it approaches being a continuous spectrum. The
uranium source has one disadvantage; it is very expensive. A
tube filled with xenon gas and having electrodes spaced about five
millimeters apart gives a continuous •pectrum. The xenon source is
a high intensity source and will be discussed in detail later.

CHAPTER II
SPARK SOURCE

Theory
Atoms of most materials are close to their lowest energy
levels at room temperature. This means most of the outer electrons
are in their lowest possible energy states.

Eiectrons exc'ited to a

higher energy level then radiate infrared, visible, and ultra•
violet light as they fall back to the lower levels. The frequency
of the light emitted will be equal to the energy difference
between levels divided by Planck's constant. The frequency is
inversely proportional to the wavelength.

Light dispersed through

a prism will produce a line spectrum characteristic of the atom
being excited. Each line represents the energy difference between
two energy levels.
The purpose of a spectral light source is to provide a means
of exciting the valence electrons to higher energy. levels. The
valence electrons may be excited by a collision either with
bombarding electrons or with a fast moving atom such as in a
2
flame.
A spark source excites atoms by electron bombardment. Two
electrodes, composed of the material to be excited, are spaced

with a small gap between them. A sufficiently high voltage is
· applied across the gap to pull electrons into the gap and acceler•
6

1

ate them toward the other electrode. When the accelerated
electrons strike the other electrode, they have acquired enough
Jnergy to create sufficient heat to vaporize atoms of the electrode
into the gap and path of bombarding electrons where they are
excited. An advantage of a spark source is that the effective
applied voltage is high so that the bombarding electrons are at high
energies. This means that in some of the collisions the valence
electron may be given sufficient energy to escape from the atom.
This so•called ionized atom is then excited and the light from this
excited ionized atom forms a characteristic spectrum different from
the normal atom so that more lines appear in a spark spectrum.
Along with this advantage comes a disadvantage; the ionized atoms
capture free electrons which may be at any energy. The resulting
spectrum, therefore, has a weak continuous background. The intensity
of the spark source varies directly with the number of bombarding
electrons.
Figure 2 shows a circuit diagram of the spark source. The
primary side of the transformer is supplied with 110 volts a.c.
The transformer steps this voltage up to approximately 4400 volts.
The purpose of th� variable resistance on the primary side is to
adjust the primary voltage from zero to 110 volts and thus the
secondary from zero to 4400 volts. As the secondary voltage begins
to rise, the capacitors,

c1 and c 2, become charged. They continue

to charge until the voltage reaches the breakdown potential of the
control gap. When the control gap breaks down, current begins to
flow in the resistor parallel with the analytical gap. The

CONTROLLED SPARI( CIRCUIT

T

s

r

r

�

�� �
l
�f
�

_I

i

-'f
⇒

'

-

Rs

L

�

• . ,.
--TT(�.

.

_1

cl.

i )

l

_L
0
2��

t
. . -�

I

0

�_l_______

.. c

�tr
l

t

A

I

s, primary s1.,.ritch; �• primary resistance; T, high voltage transfcrmer; o, oscilloscope;
c 1, main capacitor; c 2, voltage dividing capacitors; L, inductance; C, moving air
control gap; RV, analytical gap resistance; A, analytical gap.

Figure 2
CD

9

voltage across the analytical gap increases as this current
increases until the analytical gap breaks down. When the analyti•
cal gap breaks down, it essentially shorts out the resistor causing
the capacitors to discharge in a very short period of time since the
resistance in this part of the circuit is very low.

As

soon as the

capacitors have dumped their load of charge, the discharge in the
gap ceases and the whole process is again repeated.
The number of times these discharges will take place is
determined by the R8 C1 time constant and the breakdown potential of
the control gap. The values of the charging resistor Rs and capaci•

tor c 1 determine the charge time. The best RsCl value found for the
above circuit is 1/SOO second. The discharge RC time is so small

that it can be considered zero with the tolerances used. The rise
time for the voltage to reach its peak value is 1/4 cycle or 1/240
second. This means that with a 1/500 second charge time and the
breakdown potential below the peak value of the voltage more than
one discharge per 1/2 cycle can take place.

The best gap setting, l• .i-•, gives from four to five break•

downs per half cycle. The breakdowns are observed on an
oscilloscope which picks off the potential across C2• Figure 3
shows two typical oscilloscope patterns.

Air is constantly blown through the control gap. The purpose
of this is to remove any free ions which remain after the discharge
has stopped.

lf any of these ions remain when the next discharge

takes place, the breakdown voltage will not be as high._ This leads

10
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to very unstable intensities which must be avoided�3 Another method
of control is to have the control electrodes mounted on a rotating
wheel which rotates between two other electrodes (see Figure 4).
Thia is not as satisfactory. however, because the breakdown voltage
then varies with the input voltage.
The energy stored in the capacitor is given by
E• %(:V

2

where Eis the energy, C is the capacitance and V the voltage across
the capacitor. When the capacitor discharges, it transfers its
energy to the inductor L. The energy in the inductor is given by

E • \LI 2
where Eis still the energy, L the inductance and I the current.
Since these two energies are equal, one may solve for the current to
obtain

�
I .. V(C/L) •

This expression is a helpful guide in adjusting circuit parameters.
Th�• is because high spectral intensity is associated with high
current densities.

Large V and C or small L contribute to high

intensity.
Construction
In order to construct a high intensity spark source, it was
necessary to obtain electrical components capable of withstanding
high currents at high voltages.
to be wired into the laboratory.

Also an adequate power supply bad
This was done by the electricians

who wired in a 70 ampere, 110 volt/220 volt a.c. outlet with an
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auxiliary relay switch.

The relay waa for safety purposes. Three

switches were placed in series in the relay circuit, two for the
doors of enclosures of the source and one for the manual control.
When any one of these switches is open, the high voltage circuit
cannot be energized.
The transformer is a 10 kva, 40:l step-up transforme-r. · this
transformer, supplied by the Consumers Power Company, is a telephone
pole transformer used backward.

Safety regulations required that the

cooling oil be removed. The cooling is now furnished by a fan
mounted inside the transformer which circulates air through special
holes drilled in the casing. A spark gap of l cm. width is connected
across the high voltage side so that any unwanted sparking will occur
across this safety gap.
Ten thousand ohm ceramic resistors with high current capacity
were used for the charging resistor. Eight of these resistors were
mounted as shown in Figure 5. Pairing the resistors doubled the
current carrying capacity of the charging resistor unit. By adjust•
ing the switches the four pairs of resistors can be put in parallel,
series or combinations.

This flexibility in the charging resistance

value provides versatility to the source.
The main capacitance unit consists of one O.l mfd capacitor
and three 0.25 mfd capacitors. All four have a rated capability of
12,500 peak volts. For versatility they are connected in parallel
with single pole single throw switches as shown in Figure 6.

It was

found that 0.75 mfd capacitance along with 2.5 K resistance gave the
RC time required.

14
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The inductor was wound from aluminum stock 1/8" wide. 3/8"
thick with 52 turns of 5\" radius. It was measured to be 156
microhenrus,

the leads.are such that they can

be

clipped anywhere

on the coil; �bus the inductor is variable from Oto 156 microhenries.
All connections were made with 1/8" x 1/2" aluminum bars or
1/16" x 1/2" copper bands.

These connectors provided rigid, low

resistance paths capable of carrying high currents. Figure 7 is a
photograph of the compartment showing the above described components.
Figure 8 is a block diagram showing the positioning of the items in
Figure 7.
The control and analytical gaps are contained in a plywood
enclosure especially made for this purpose, on the laboratory bench
above

the power components. A 2 inch diameter bole was cut on the

side of the enclosure facing the spectrograph.

A 2 inch diameter

observatiOn hole was cut in the door and covered with a 1/4 inch
thick piece of plate glass to shield the eyes of the operator from
the ultraviolet light. When the source is in operation. the operator
may study the character of the discharge through this window. The
top was made removable to allow access to the rear of the enclosure
for servicing the control gap. The wood has three coats of varnish
sanded to a high finish to increase its insulating properties and
also to facilitate cleaning.
The control gap is mounted on the back wall of the enclosure.
The two electrode holders are made from 1/4" x 2" aluminum stock.
Four pieces were cut;· to be 6" long and notched at one end to hold the
electrodes. A pair of these is mounted on two stand•off resistors as

17
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BLOCK DIAGRAM OF FIGURE 7

Q
4

s

1.

Safety-Switch

2.

Transformer

3.

Secondary Resistance

4.

Inductor

s.

Capacitors

Figure 8

I

19
shown in Figure 9. A spring was inserted between the holders and
nut of the bolt holding the pair together.

Figure 10 shows the

control electrode holders mounted at the rear of the enclosure. A
plastic nozzle was mounted so as to permit movement in all three
directions. This enables the gap to be centered over the air blast
coming from the nozzle. The nozzle is connected by a rubber hose to
the laboratory inlet of compressed air. Along this hose is a mano•
meter which permits the air pressure to be adjusted to a constant
value.

Figure 11 is a block diagram of Figure 10,

The electrode holders for the analytical gap are mounted on a
double thickness of 1/4 inch plate glass 1811 x 20". A sheet of ply•
wood was cut to the same dimensions as the glass and placed in the
enclosure in the position the glass was to occupy. A line was drawn
on the plywood along the optical axis of the spectrograph and
polarimeter. The electrode holders were made from a solid rod of
aluminum two inches in diameter. Four pieces over an inch thick
were cut from the end of this rod and turned flat on a lathe. A
thin piece of aluminum scrap was placed between two of these pieces
which were clamped together face to face and a 1/4 inch hole drilled
along a diameter. This method of construction permits electrodes
smaller than 1/4 inch to be used. The aluminum pieces were then
positioned on the plywood sheet with the optical axis line midway
between them. Figure 12 shows how the holes for the electrodes were
positioned so as to have the electrodes make an angle of five degrees
with the vertical. This permits the discharge to have a wider open•
ing in the direction of the spectrograph and polarimeter. The

20
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BLOCK DIAGRAM OF FIGURE 10
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bolder pieces were then tapped for a 1/4 inch stove bolt and mounted
on the plywood sheet. Hinges were made from the same aluminum rod
and the handles were made from the 1/4.. x l" aluminum stock. Figure
13 shows bow the binges are constructed and spring loaded. The
hi�ges were tapped and mounted on the plywood about two inches from
the holders. The aluminum handles were cut, bent, and connected to
the.holders and hinges.. The holders were then removed from the ply•
wood and the plywood was-laid on the glass plates and the holes
marked with a crayon. A 1/2 inch diameter brass tube was cut to be
6 inches long and in one end two incisions were made parallel with
the axis of the tube. A small ring of clay was pressed around the
position where the hole was to be drilled. The brass tube was put
into the chuck of the drill press,

The glass was positioned so that

the tube was over the mark where the bole was desired and the glass
carefully but snugly clamped to the table of the drill press.
Carborundum powder and water were placed in the center of the �ing pf
clay. The drill press was started at'a medium speed and the tubing
was brought into contact with the powde't'·and glass. Pressure on
the tube.was just enough to create a grinding sound. Too much
pressure .�esulted in a screeching sound which was avoided because it
denoted.excessive heat production. After about thirty minutes of
patien� work, a 1/2 inch hole was ground through the glass. The
electr09e holders and hinges were mounted on·the glass with a piece
of asbestos between the holders, hinges, and bolt heads. The
asbestos insulates the glass from the beat of the holders. One
quarter inch bolts were sheathed,in rubber tubing and put into the

24
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1/2 inch holes in the glass plates to hold the electrode holders in
place. The glass was then mounted in position inside the electrode
enclosure. Figure 14 is a photograph of this arrangement. Figure 15
is a block diagram of Figur• 14.
Electrodes
The width of the control gap determines the breakdown potential.
If a constant breakdown potential is desired, a constant gap width
must be maintained. The initial gap width can be maintained constant
by using a spacing gauge each time the electrodes are serviced. Some
materials such as aluminum, carbon, and iron melt and burn off in a

discharge and thereby change the gap width as the discharge con
tinues� A good control gap electrode has to have a high melting point
so that it is not easily vaporized while carrying high currents. A
material which has a high melting point is tungsten. Six inch
tungsten rods of 1/8 inch diameter were purchased at Kalamazoo
Welding Supply. They were broken in half and each three inch piece
was inserted into a separate 1/2 inch aluminum tube. The electrodes
extend about 1/2 inch out of the aluminum tubes and are held there
by tap screws. The aluminum tubes permit the smaller tungsten
electrodes to be used in the larger control gap electrode holders
which have a 1/4 inch notch.

(See Figure 10 again.)

Servicing the

electrodes after each exposure gave the best reproducibility.
The experiment for which this source was designed requires
either a continuous spectrum or a line spectrum with many lines over
the region of interest. An iron spectrum was chosen because it has

26
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BLOCK DIAGRAM OF FIGURE 14
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many lines and hae been studied extensively. The wavelengths of
the lines can be identified easily4 • 5 • Figure 16 shows an iron
spectrum.
The three inch iron electrodes were cut from 1/4 inch diameter
cold rolled steel rod purchased from the Kalamazoo Mill Supply. One
end of each electrode was tutned on a lathe to a sixty degree cone.
Figure 17 shows a pair of these iron electrodes. The cone shape of
the electrode was found necessary because to increase the intensity
of the spark source a concave mirror was placed behind the elec•
trodes which brought the enlarged image of the discharge on the slit
of the polarimeter. The stability of this arrangement was very poor
for flat electrodes. As the discharge wandered over the surface of
the electrode, the image moved back and forth across the slit. This
wandering was eliminated when the electrodes were made pointed.
The gap settings of the analytical gap are made constant by
setting the shadows of the electrodes to a predetermined mark on a
piece of white tape on the glass behind the electrodes. The light
source which makes the shadows is a cylindrical 40 watt bulb covered
with a tin can which bas a small hole punctured in the side. A
switch mounted beside the-door of the enclosure turns on the light
whenever the door is opened to service the electrodes.

Figure 18

shows the electrode enclosure with the mirror and tin can.

At the

bottom is a sheet of asbestos on which the hot used electrodes are
dropped.

Figure 19 is a block diagram of Figure 18.

Also to increase the reproducibility an electric switching
device was constructed which would tum on the source for a prede•

29

IRON SPECTRUM

(ill llHlllllllll 111111 I

.

1

I

Figure 16

PHOTOGRAPH OF IRON ELECTRODES

Figure 17

'"

I

30

PHOTOGRAPH OF ELECTRODE ENCLOSURE

Figure 18
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BLOCK DIAGRAM OF FIGURE 18
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termined time and open a shutter in front of the polarimeter slit
'five seconds after the source had started. The five second pre•
exposure gave the discharge a chance to settle down. A constant
.exposure time wa• thus assured since no human reaction times were
involved in the switching.

CHAPTER Ill
XENON SOURCE
There is little difference between the xenon source and the iron
spark source just described.

The two major differences are that the

xenon operates at a much higher voltage and is a gaseous material
instead of a solid such as the iron. Figure 20 shows the circuit
diagram of the xenon source.

This circuit lacks a variable resistor

in the primary, a charging resistor in the secondary and a control
gap, in order to be the same as the iron spark source circuit.
The transformer steps 110 volts a.c. up to 15,000 volt� with 30 m.a.
secondary current. The capacitor is 0.005 mfd. and the
inductance is from Oto 20.5 microhenries. · The theory of operation
is the same as for the spark source except at the electrodes.
Instead of the electrons bombarding the other electrodes to create
enough beat to vaporize the atoms of the material to be excited, the
atoms of the material are already in vapor form between the electrodes.
The electrodes are of tungsten which has a thermal expansion similar
to the quartz envelope. Very little beat is created so there i1 no
problem of the electrodes melting or vaporizing. These bombarding
electrons are accelerated

and

collide with the xenon atoms exciting

them. In most of the collisions the xenon is ionized and as the
ionized atoms absorb free electrons which may be at any energy, a
strong continuous background spectrum is formed. Figure 21 shows a
xenon spectrum equivalent to a two minute exposure. The visible
region and near visible are very bright compared to the ultraviolet.
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CIRCUIT DIAGRAM OF XENON SPARK SOORCE
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XENON SPECTRUH

Figure 21
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This is because an electron will have a higher probability of being
captured if it is at a lower energy than at a higher energy. Most
gaseous discharge tubes have the gas at a very low pressure and
operate at fairly low voltages.

The high intensity xenon lamp

contains xenon gas under greater than atmospheric pressure. The
higher pressure means more atoms to be excited but it also cuts down
on the mean free path of the bombarding electrons. Thie means the
initial accelerating voltage must be quite high.6

It was found that the power demand of the xenon tube exceeded
that which the transformer could supply.

A switching device was

made which permitted the source to be on for 20 seconds and off for
100 seconds.

During the interval when the timer is on for 12 minutes,

the photographic plate receives the equivalent of a two minute
exposure.
The temperature of the transformer still rises but at a much
slower rate.

The prolonged exposure times are of little consequence

because the time required to expose the plate is small compared to
the time required to analyze the plate.

CHAPTER IV
THE RESULTS

The preceding research has been concerned with the construction
of light ■ourcae with enough intensity to perform magneto•optical
rotatory dispersion experiments.

To test the adequacy of the con•

structed sources the .sample was placed in position in the magnet.
Light from each ·source was then sent through the polarimeter· and
sample to the spectrograph. Two equal exposures were recorded on
the photographic plate, one with the magnetic field off and one with
the magnetic field on.

The density difference of the resulting twQ

spectra verified the observability of the Faraday Effect with each
constructed source.

This test was made with the iron spark source

with an exposure time of 1.5 seconds and the xenon source with an
exposure time of 44 seconds. Figure 22 shows the resulting spectra.·
It is obvious that the density di'fferences must be measured on a
microdensitometer.

The test does show that both sources are intense

enough to give light in the 2300A region of the spectrum.
The stability of the two sources was checked simply by making
eleven exposures as nearly alike as possible.

The density of a

selected line was then measured on the microdensitometer in each of
the eleven spectra.
these values.

The standard deviation was calculated from

The iron spark source has a standard deviation of

5.9, while the xenon source has a standard deviation of 2.4.

The

tables in Figure 23 list the data from which the standard deviations
were computed.
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IRON AND XENON SPECTRA IBROUGH ONE CENTIMETER OF
WATER WIIB POLARIZER AND ANALYZER ALIGNED
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Xenon
a.

Spectrum with Magnetic Field
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Spectrum without Magnetic Field

Figure 22
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TABLES WITII DATA FOR REPRODUCIBILITY
Xenon Source
Repeat
Exposure
Number
1

Iron Source

Microdensitometer
Reading

Repeat
Exposure
Number

Microdensitometer
Reading

1

57.5

so.o

2

52.0

2

46.S

3

51.S

3

58.0

4

53.0

4

s

ss.s

6

ss.o
ss.o

7

53.S

7

8

51.5

8

ss.o

9

53.S

9

64.S

10

58.0

10

61.S

11

57.0

11

66.0

Figure 23

s

49.0

6

53.S
51.0
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Both sources have too large a deviation, but the mirror system
mentioned previously perhaps could i-educe this d.eviation.

The xenon

••'

source could without any further work give very rough estimates of
the rotation.

The spark source is the better of the two sources.

The reasons for this are that the intensity is much more than needed
and that the choice of electrode material is versatile.

Iron was

chosen because of the number of lines needed and the ease of han
dling.
It is possible to measure the relative rotations of various
This

wavelengths regardless of the source intensity variations.

can be accomplished by measuring on two spectral lines whose
electron transitions originated from the same upper level.

Since

the ratio of the intensities of these two lines should be constant,
any variation in the measured ratio must then be due to the
rotational effect.

Using Malus's Law one may calculate the rota

tion which makes the ratio of the two lines the same �s the ratio
of the lines without the magnetic field.
between the rotations of the two lines.

The rotation is half way
Charlotte Moore's

7

books

would be of great value in the search for these line pairs,
The graph in Figure 24 shows that the magneto-optical rotation
for water can be detected with the iron source even though it has a
high standard deviation.
exposures.

The data are from four, eleven second

Two exposures were taken with the plane of the analyzer

°

60 to the right of the plane of the polarizer, with and without
magnetic field.
°

Two exposures were taken with the plane of the

analyzer 60 to the left of the plane of the polarizer, with and

GRAPH SHONING 'lHE FARADAY ROTATION FOR WATER
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Microdensitometer
Readings
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without the magnetic field.

The solid line is the plot of the

differences of the microdensitometer readings between the with•and•with
out-field spectra for the 60 ° rotation to the left.

Since difference

is positive, it means that the lines got brighter and thus the rotaThis agrees with the
tion of the light is counterclockwise.
8
The dotted lin� is the plot of the microdensitometer
literature.
reading difference between the with-and•without•field spectra for
the 60

°

rotation to the right. The difference is negative which

means the rotation of the light is again counterclockwise, which
agrees with the literature.
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CHAPTER V
CONCLUSION
Two light sources have been constructed for magneto-optical rota
tory dispersion experiments. The spark source·constructed has an out
put voltage of 4400 volts and enough intensity to give adequate light
with exposures as short as 1.5 seconds. ihe xenon source is also a
spark source. but it utilizes a xenon gas filled tube instead of elec
trodes.

The xenon source operates at 15,000 volts and gives an intense

continuous spectrum with a 45 second exposure.
Although the xenon source has superior reproducibility, the spark
source is considered the better of the two sources because it provides

111.0�-- than enough light� ana because the electrodes can be made from' a·
variety of materials.

This latter reason is an advantage if the in

ternal method of measuring relative rotation is to be used.
It has been shown that, even with the inferior precision of the
iron spark source, magneto-optical--rotation.can .. be:detected'in water.
It is believed that the iron source precision can be improved by fur
ther research on either split light beam compensation or line pairs
originating from the same energy level.
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